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$EVWUDFW
7KH ORDG IRUHFDVW OHYHO LQ SRZHU V\VWHP LV D LPSRUWDQW V\PERO WRPHDVXUH RSHUDWLRQV DQGPDQDJHPHQW RI SRZHU
V\VWHP 7KLV SDSHU VXPPDUL]HG WKH UHVHDUFK FRQGLWLRQV RI WKH VKRUWWHUP ORDG IRUHFDVWLQJ XVLQJ DUWLILFLDO QHXUDO
QHWZRUNPHWKRGDQGDQDO\]HGWKHFKDUDFWHULVWLFVRIHOHFWULFDOORDGDQGIDFWRUVRILQIOXHQFLQJSRZHUORDGIRUHFDVWLQJ
DFFXUDF\7KHSDSHUXVHG WKHSDUWLFOHVZDUPRSWLPL]DWLRQQHXUDOQHWZRUNPHWKRG LQVKRUWWHUPORDGIRUHFDVWLQJRI
SRZHUJULG%DVHGRQWKHDQDO\VLVKLVWRU\ORDGVLQ&DOLIRUQLDSRZHUV\VWHPZHHVWDEOLVKHGWKHORDGIRUHFDVWLQJPRGHO
FRQVLGHULQJWKHYDULRXVDIIHFWLQJIDFWRUVDQGQRUPDOL]HGWKHLQSXWORDGPHDQZKLOHTXDQWLILHGGDWHDWPRVSKHUHDQG
RWKHU IDFWRUV 7KH H[DPSOH VKRZHG WKDW WKH PRGHO RI QHXUDO QHWZRUN EDVHG RQ WKH SDUWLFOH VZDUP RSWLPL]DWLRQ
DOJRULWKPFDQLPSURYHWKHSUHGLFWLRQSUHFLVLRQDQGVSHHGLW¶VSHUIRUPDQFHSUHGLFWLRQLVVXSHULRUWRWKHPRGHOEDVHG
RQ%3QHXUDOQHWZRUNORDGIRUHFDVWLQJ

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI>QDPHRUJDQL]HU@

.H\:RUGVVKRUWWHUPORDGIRUHFDVWLQJ%3QHWZRUNSDUWLFOHVZDUPRSWLPL]DWLRQ
,QWURGXFWLRQ
7KHORDGIRUHFDVWOHYHOLQSRZHUV\VWHPLVDLPSRUWDQWV\PEROWRPHDVXUHRSHUDWLRQVDQGPDQDJHPHQW
RISRZHU V\VWHP(VSHFLDOO\ WKHDFFXUDWH VKRUWWHUP ORDG IRUHFDVWLQJ LVPRUH LPSRUWDQW)RUD ORQJ WLPH
PDQ\ H[SHUWV DQG VFKRODUVDW KRPHDQG DEURDGKDYHGRQH D GHSWK VWXG\RQ HOHFWULFLW\ ORDG IRUHFDVWLQJ
)URP WKH V &RPSXWHU ORDG IRUHFDVWLQJ VWDUWHG PHDQZKLOH LW KDV DSSOLHG LQWR ODUJH QXPEHU RI WKH
DFWXDO HOHFWULFLW\ V\VWHPV ,Q WKH V 6SDFH ORDG IRUHFDVWLQJ ZDV SURSRVHG LW IRUHFDVWHG ORDG
JHRJUDSKLFDOGLVWULEXWLRQE\WKHVLPXODWLRQPHWKRGLPSURYHGWKHSUHFLVLRQRIWKHPHWKRGRIORDGIRUHFDVW
$IWHU WKH V DUWLILFLDO LQWHOOLJHQFH WHFKQRORJ\ LV JUDGXDOO\ XVHG LQWR WKH VKRUWWHUP IRUHFDVW VXFK DV
WUDIILFLQWKHJUH\LQWKHRU\H[SHUWV\VWHPVIRUHFDVWVWKHRULHVEOXUUHGWKHQHUYHQHWZRUNWKHRU\HWF
%3QHWZRUNLVDNLQGRIW\SLFDOIHHGIRUZDUGQHXUDOQHWZRUNWKHRUHWLFDOO\LWKDVEHHQSURYHGWKDWWZR
KLGGHQ OD\HUV RI %3 QHXUDO QHWZRUN FDQ EH DUELWUDULO\ SUHFLVLRQ DSSURDFKLQJ DQ\ FRQWLQXRXV QRQOLQHDU
IXQFWLRQ7KHSDSHUEURXJKWLQ362DOJRULWKPWRWUDLQ1HXUDOQHWZRUNSDUDPHWHUVEDVHGRQWUDGLWLRQDO%S
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VKRUWWHUPIRUHFDVWDLPLQJDWLWVGLVDGYDQWDJHVWKDWLW¶V7UDLQLQJLVWLPHFRQVXPLQJDQGLWLVHDV\WRWHQGWR
D ORFDO PLQLPXP ILQDOO\ WKH SDSHU SURSRVHG QHXUDO QHWZRUN SRZHU V\VWHP VKRUWWHUP ORDG IRUHFDVWLQJ
PHWKRG EDVHG RQ WKH SDUWLFOH VZDUP RSWLPL]DWLRQ,Q RUGHU WR HQKDQFH SUHFLVLRQ RI IRUHFDVWLQJ 7KH
DOJRULWKP QRUPDOL]HG WKH LQSXW DQG RXWSXW PHDQZKLOH TXDQWL]HG GDWH W\SH DQG ZHDWKHU FRQGLWLRQV
VLPSOLI\LHGWKHSURFHVVRIWUDLQLQJDQGSUHGLFWLRQRIQHWZRUN$WODVW:HXVHWKHKLVWRU\ORDGGDWDEDVHRI
WKH DUHD RI &DOLIRUQLD LQ WKH8QLWHG 6WDWHV WR IRUHFDVW FRPSDUHGZLWK WKH WUDGLWLRQDO%3 DOJRULWKP WKH
SURSRVHGDOJRULWKPFRQYHUJHQFHVSHHGLVIDVWHUWKHSUHGLFWLRQSUHFLVLRQLVKLJKHUDQGUHIOHFWVWKHVWURQJ
UREXVWQHVV
7KH%S1HWZRUNEDVHGRQ362$OJRULWKP 
362$OJRULWKP
7KHGHYHORSPHQWRI362¶VLGHDZDVEDVHGRQVLPXODWLRQRIVRFLDOEHKDYLRURIDQLPDOVVXFKDVDIORFN
RIELUGVDVFKRRORIILVKRUDJURXSRISHRSOHZKRSXUVXHDFRPPRQJRDOLQWKHLUOLYHV
362DOJRULWKPRIWKHIRUDJLQJELUGVIURPUHVHDUFK/LNHRWKHUVWRFKDVWLFVHDUFKLQJWHFKQLTXHVWKH362
LVLQLWLDOL]HGZLWKJHQHUDWLQJDSRSXODWLRQRIUDQGRPVROXWLRQVZKLFKLVFDOOHGDVZDUP(DFKLQGLYLGXDOLV
UHIHUHHGWRDVDSDUWLFOHDQGSUHVHQWVDFDQGLGDWHVROXWLRQWRWKHRSWLPL]DWLRQSUREOHP$SDUWLFOHLQ362
OLNHDQ\OLYLQJREMHFWKDVDPHPRU\LQZKLFKUHWDLQVWKHEHVWH[SHULHQFHZKLFKLVJDLQHGLQWKHPHDQZKLOH
RIVHDUFKLQJVROXWLRQDUHD
(DFKSDUWLFOHLQWKH362DOJRULWKPFDQEHUHJDUGHGDVRQHRIWKHVROXWLRQLQVSDFHLIWKHSDUWLFOHVZDUP
VL]HLVPWKHSRVLWLRQRISDUWLFOHLFDQEHH[SUHVVHGDVDYHFWRU ( )    7L L L LQ; [ [ [=  LWVVSHHGFDQEH
H[SUHVVHGDVDYHFWRU ( )    7L L L LQ9 Y Y Y=   LWV LQGLYLGXDORSWLPXPYDOXHLV ( )   7L L L LQ3 S S S=   LWV
JOREDOEHVWYDOXHLV ( )   7J J J JQ3 S S S=  SDUWLFOHLZLOOXSGDWHLW¶VRZQSDFHDQGSRVLWLRQDFFRUGLQJ
WRWKHIROORZLQJIRUPXOD˖
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:KHUHQLV WKHGLPHQVLRQRIVROXWLRQVSDFHQDPHO\ WKHQXPEHURIYDULDEOHVGLV WKHGLPHQVLRQ WLV
WKH HYROXWLRQDU\ DOJHEUD L P=   P LV WKH SRSXODWLRQ VL]H ω LV LQHUWLD ZHLJKW U DQG U DUH
5DQGRP 1XPEHUV GLVWULEXWHG LQ >@ F DQG F DUH FRQVWDQW XVXDOO\ FDOOHG OHDUQLQJ IDFWRU:KHQ WKH
SDUWLFOHV FRQWLQXRXVO\ DGMXVW WKHLU SRVLWLRQ WKH\ VHW WKH PD[LPXP VSHHG DV PD[9 ZKHQ L9 H[FHHG WKH
PD[9  L9 LVHTXDOWR PD[9 
7KH'HVLJQRI3622SWLPL]HG%S1HWZRUN$ORJULWKP
7KLVSDSHUPDLQO\XVHGWKHSDUWLFOHVZDUPRSWLPL]DWLRQDOJRULWKPWRWUDLQ%3QHXUDOQHWZRUNOHDUQLQJ
DOVRFDOOHGQHWZRUNWUDLQLQJQDPHO\RSWLPL]HHDFKOD\HUZHLJKWVRIQHWZRUNFRQQHFWLRQ
7KH NH\ RI 362 RSWLPL]H ZHLJKWV RI %3 QHWZRUN OLHV LQ WZR IROORZLQJ SRLQWVILUVWO\:H VKRXOG
HVWDEOLVK WKHPDSSLQJEHWZHHQ362SDUWLFOHV¶GLPHQVLRQVDQGQHXUDO QHWZRUN FRQQHFWLYHZHLJKWV(DFK
SDUWLFOH¶GLPHQVLRQLVFRUUHVSRQGLQJWRDFRQQHFWLYHZHLJKWRIQHXUDOQHWZRUNWKHQXPEHURIFRQQHFWLYH
ZHLJKWVRIQHXUDOQHWZRUNLVHTXDOWRSDUWLFOH¶VGLPHQVLRQ6HFRQGO\ZHVHWWKHPHDQVTXDUHHUURURI%3
QHXUDOQHWZRUNDVDGDSWLYHIXQFWLRQLQRUGHUWRPLQLPL]HWKHPHDQVTXDUHHUURUE\XVLQJ362DOJRULWKP
7KHSDSHUXVHGQHXUDOQHWZRUNZLWKWKUHHOD\HUVWRDQDO\]HQHXUDOQHWZRUNWUDLQLQJSURFHVV$VVXPHLQSXW
OD\HUKLGGHQOD\HUDQGRXWSXWOD\HUDUHUHVSHFWLYHO\ $ ǃ $ DQG $ ˈWKHQWKHGLPHQVLRQRIFRQQHFWLYH
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
ZHLJKWV EHWZHHQ LQSXWDQG  KLGGHQ OD\HU DUH [ ] $ $ DQG WKHGLPHQVLRQRI FRQQHFWLYHZHLJKWV EHWZHHQ
KLGGHQOD\HUDQGRXWSXWOD\HUDUH [ ] $ $ )LQDOO\WKHWRWDOQXPEHURISDUDPHWHUVQHHGWREHXSGDWHGLQWKH
QHXUDOQHWZRUNWUDLQLQJSURFHVVDUH    Q $ $ $ $= × + × 
7KHDOJRULWKPVFDQGHVLJQDVIROORZV˖FRGHDOOWKHFRQQHFWLYHZHLJKWVRIWKHQHXUDOQHWZRUNEHWZHHQ
LQWRWKHUHDOQXPEHUYHFWRUWRUHSUHVHQWDWHWKHLQGLYLGXDORIWKHSRSXODWLRQUDQGRPO\JHQHUDWHWKHJURXSRI
WKHVHYHFWRUVDQGWKHQLWHUDWHIROORZLQJWKHSULPDU\VWHSV7KHQHZJHQHUDWHGLQGLYLGXDOYHFWRUVLQLWHUDWLRQ
DUHUHVWRUHGZHLJKWVRIQHXUDOQHWZRUNFDOXDWHWKHPHDQVTXDUHHUURURIQHXUDOQHWZRUNRIDOOWKHVDPSOH
7KHIROORZLQJPHDQVTXDUHHUURURIQHXUDOQHWZRUNFRUUHVSRQGLQJWR362LVWKH)LWQHVV
( ) 
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:KHUH LNG LV WKHH[SHFWHGRXWSXWQDPHO\HYHU\LQSXWVDPSOHFRUUHVSRQGVWRH[SHFWHGRXWSXW MNR LV
DFWXDO RXWSXW YDOXH $ LV WKH QXPEHU RI RXWSXW OD\HU 1  LV WKH QXPEHU RI 7UDLQLQJ VDPSOH 4 LV WKH
IXQFWLRQZKRVH9DULDEOHDUHZHLJKWV
,I 7KH PHDQVTXDUH HUURU LV HTXDO WR RU EHORZ GHVLJQDWHG HUURU SUHFLVLRQ 7UDLQLQJ SURFHVV VWRSV
2WKHUZLVHLWHUDWLRQFRQWLQXHVXQWLOZHDFKLHYHPD[LPXPQXPEHURILWHUDWLRQV
2SWLPL]DWLRQ3URFHVV
,QLWLDOL]HZHLJKWDQGWKUHVKROGYDOXHRIWKHQHXUDOQHWZRUNDVDJURXSRISDUWLFOHV3DUWLFOHJURXSVL]HLV
P WKHLQLWLDOSRVLWLRQ;DQGWKHLQLWLDOYHORFLW\9DUHUDQGRPQXPEHUVGLVWULEXWHG [ ] WKHQVHW LQHUWLD
IDFWRU F  F DQGVHOIDGDSWLQJ LQHUWLDZ7KHPD[LPXPVSHHG PD[9 PD[LPXPQXPEHURI LWHUDWLRQV PD[7 
$GDSWLYH WKUHVKROGYDOXHε &XUUHQW LWHUDWLRQ W = 3DUWLFOHGLPHQVLRQQGHSHQGVRQ WKH VWUXFWXUHRI WKH
QHXUDOQHWZRUN
(YDOXDWHSDUWLFOHV
7KHVWHSVDQGXSGDWHSRVLWLRQYHFWRUV;DQGYHORFLW\YHFWRUV9RIHYHU\SDUWLFOH UHFRUG WKHEHVW
KLVWRU\SRVLWLRQ GLS RIHYHU\SDUWLFOH
G
LS LVWKHKLVWRU\PRVWRSWLPDOYHFWRURIWKHGLWHUDWLRQRISDUWLFOHL
DQG JOREDO RSWLPXP SRVLWLRQ GJS RI DOO SDUWLFOHV DQG WKHQ FDOXDWH WKH ILWWQHVV ( )GL4 S DQG ( )GJ4 S 
UHVSHFWLYHO\FRUUHVSRQGLQJWR GLS DQG
G
JS 
,I ( )GJ4 S ε≤ RU WR WKHPD[LPXPLWHUDWLRQV PD[7  VWRS WUDLQLQJRWKHUZLVH W W= +  WXUQ WRVWHS˄˅
FRQWLQXHǄ
)LQDOO\PDSJOREDORSWLPXPSRLQW JS WRWKHQHXUDOQHWZRUNDVWKHZHLJKWWRFDOXDWHWKHRXWSXWRIWKH
QHXUDOQHWZRUNDQGWKHQWRSUHGLFW
(VWDEOLVKLQJVKRUWWHUP ORDGIRUHFDVWLQJPRGHOEDVHGRQWKHSVRDQG%3QHWZRUN
7KH5HVHDUFKRI1HWZRUN,QSXW6DPSOH
:KHQ HVWDEOLVK DUWLILFLDO QHXUDO QHWZRUN PDWKHPDWLFDO PRGHO RI ORDG IRUHFDVWLQJ ILUVW ZH VKRXOG
GHWHUPLQHYDULDWLRQ IDFWRUHIIHFWLQJ ORDG1DPHO\GHWHUPLQH WKH LQSXWRI WKHQHXUDOQHWZRUN7KHSDSHU
PDLQO\ VWXG\ VKRUWWHUP ORDG IRUHFDVWLQJ ZH FRQVLGHU WKH F\FOHV RI WLPH DV ZHHN IRU WKH ZHDWKHU
FRQGLWLRQVZHTXDQWLI\WKHZHDWKHUFRQGLWLRQVFORXG\FOHDU5DLQIDOOVQRZIDOODVWKHLQSXWRIWKHQHXUDO
QHWZRUN,QWKLVFDVHLWFDQVKRZWKHDFWXDOORDGFKDQJH
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
)XUWKHUPRUHFKRRVLQJ OHDUQLQJVDPSOHVRQO\DFFRUGLQJ WR WKHGDWH W\SH WZRVDPSOHVHWVDUHGLYLGHG
LQWRWZRSUHGLFWLRQPRGHVQDPHO\ZHHNGD\VVDPSOHVDQGZHHNHQGVVDPSOHV
y 4XDQWL]LQJWKHZHDWKHUFRQGLWLRQ
8VXDOO\ZHGHVFULEHWKHZHDWKHUFRQGLWLRQE\ODQJXDJHVXFKDVµPRGHUDWHUDLQ¶¶KHDY\VQRZ¶DQGVR
RQ+RZHYHU WKHVHIX]]\ODQJXDJHFDQ¶WXVHDVLQSXWSDUDPHWHUVWRLQSXWQHXUDOQHWZRUNILQDOO\ZHFDQ
QRWTXDQWLILFDWLRQDOUHSUHVHQWWKHVHODQJXDJHLQIRUPDWLRQE\UHVWRULQJ7KHSDSHUGUDZLQJOHVVRQVIURPWKH
GLVSDWFKHU PDNH XHV RI QXPEHUV GLVWULEXWHG [ ] WR TXDOLWDWLYHO\ UHSUHVHQW ZHDWKHU VHQVLWLYH IDFWRUV
DIIHFWLQJIRUHFDVWLQJORDG$VVKRZQLQWDEOH,
y 4XDQWLILFDWLRQRIWKHW\SHRIGDWH
7KHSDSHUGLYLGHG WKH W\SHRIGDWH LQWR WZRFDWHJRULHVZRUNLQJGD\V IURP0RQGD\ WR)ULGD\DQG
ZHHNHQGV6DWXUGD\DQG6XQGD\VDPSOHV$FFRUGLQJWRWKHSHULRGLFLW\RIWKHORDGZHUHJDUG0RQGD\LV
DQGIURP)ULGD\RQ7XHVGD\LV6DWXUGD\LV6XQGD\LV
7$%/(, :($7+(56(16,7,9()$&7256
 VXQQ\ RYHUFDVW FORXG\ VSULQNOH PRGHUDWHUDLQ GRZQIDOO
OLJKW
VQRZ
PRGHUDWH
VQRZ
KHDY\
VQRZ
VXQQ\         
RYHUFDVW         
FORXG\         
VSULQNOH         
PRGHUDWH
UDLQ         
GRZQIDOO         
OLJKWVQRZ         
PRGHUDWH
VQRZ         
KHDY\VQRZ         

y 1RUPDOL]HGSURFHVVLQJ/RDGGDWD
7KHQRUPDOL]HGSURFHVVLQJDOVRFDOOVVFDOHFKDQJHVRUVWDQGDUGL]HG LWUHIHUVWRWKDW OLPLW WKHQHWZRUN
GDWD RI LQSXW DQGRXWSXW WKH LQSXW RXWSXW OLPLW LQ > @ RU > @ GRPDLQ WKLV SDSHUZLOO OLPLW LQ >@
GRPDLQE\ WUDQVIRUPDWLRQ7KHPDLQUHDVRQRI VFDOH WUDQVIRUPDWLRQDUH)LUVWO\WKHSK\VLFDO VLJQLILFDQFH
DQGWKHGLPHQVLRQRIWKHLQSXWGDWDRIQHWZRUNDUHGLIIHUHQW7KH1RUPDOL]HGSURFHVVLQJFDQOLPLWDOOWKH
GDWDLQ [ ] LQRUGHUWRPDNHWKHSRVLWLRQRIWKHLQSXWHTXDOVHFRQGO\6HFRQGO\7KHWUDQVIRUPDWLRQFDQ
SUHYHQWQHXURQVRXWSXWVDWXUDWHGGXLQJWRWKHODUJHDEVROXWHYDOXHRIWKHQHW LQSXWVRWKDW WKHLQSXWGDWD
PXVWEHQRUPDOL]HG%\WKHIRUPXODˈZHWUDQVIRUPWKHORDGGDWDWR [ ] GRPDLQXVHWKHIRUPXOD
WRWUDQVIRUPWKHORDGGDWDEDFN
 PLQ
PD[ PLQ
L
L
[ [
\
[ [
−
=
−
˄˅
 ( )PLQ PD[ PLQL L[ [ [ [ \= + − ˄˅
:KHUH PD[[ ˈ PLQ[ DUHUHVSHFWLYHO\WKHPD[LPXPYDOXHDQGWKHPLQLPXPYDOXHRIWKHWUDLQLQJVDPSOH
VHW L[ DQG L\ DUHUHVSHFWLYHO\IRUPHUDQGODWWHUGDWDRIQRUPDOL]DWLRQRIWKHLQSXWVDPSOH
7KH&KRLFHRI,QSXW/D\HURI1HWZRUN0RGHO
7KHORDGIRUHFDVWILUVWO\QHHGWKHKLVWRULFDOGDWDRIORDGEHVLGHVDFFRUGLQJWRWKHDQDO\VLVRIWKHIDFWRUV
WKDW LQIOXHQFH WKH ORDG WKH ORDGRI RQHGD\PD\EH DIIHFWHG E\ WKH WHPSHUDWXUH DQGZHDWKHU FRQGLWLRQV
7KHUHIRUH WKH LQSXWYDULDEOHVRI ORDGIRUHFDVWLQJPRGHO LQFOXGV WKUHH W\SHV WKHKLVWRU\GDWDRI ORDG WKH
IDFWRUVUHODWHGWRPHWHRURORJ\DQGWKHGDWDW\SHV
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0RUHRXWSXWVPRGHORISRLQWVFDQDWWDLQWKHORDGGDWDRQSUHGLFWHGGD\DWLPHEXWZKLFKOHDGWR
WRRODUJHVL]HRIWKHQHWZRUNWRRPRUHWUDLQLQJWLPHDQGWKHDFFXUDF\RIWKHSUHGLFWLRQFDQDIIHFWHG7KH
SDSHUDYHUDJHO\GLYLGHGWKHGD\RIKRXUVLQWRJURXSVDQGUHVSHFWLYHO\HVWDEOLVKHGQHWZRUNVWRWUDLQ
DQGSUHGLFW,QWKLVFDVHZHRQO\GLYLGHGWKHORDGGDWDRIWKUHHGD\VEHIRUHIRUHFDVWLQJGD\LQWRLQSXWV
HYHU\ LQSXW LV WKHDFWXDO ORDGGDWDRIKRXUVRIDGD\$FFRUGLQJ WR WKHDQDO\VLVRI WKHIDFWRUVDIIHFWLQJ
ORDG:HFDQGHWHUPLQHWKDWFRQFUHWHGHVFULSWLRQRILQSXWLQWKHQHXUDOQHWZRUNPRGHOLVVKRZQLQWDEOH,,
7$%/(,, 7+('(),1,7,212),1387,11(85$/1(7:25.
LQSXW 6SHFLILFGHVFULSWLRQ

WKHDFWXDOORDGGDWDRIVL[KRXUVDGD\EHIRUHSUHGLFWHGGD\
( )    ; K K =ª º¬ ¼ 
ǃ
WKHZHDWKHUFRQGLWLRQVRIWKHIRUHFDVWGD\DQGWKHSUHYLRXVGD\
 : : 
ǃ 7KHGDWHW\SHRIWKHIRUHFDVWGD\DQGWKHSUHYLRXVGD\  ' ' 
7KH&KRLFHRI+LGGHQ/D\HU7KH1RGHVRI1HXUDO1HWZRUN
$FFXUDWHO\SUHGLFWLQJWKHQXPEHRIKLGGHQOD\HUVVWLOOH[LVWVRPHSUREOHPVLQWKHRU\$OWKRXJKVRPH
GRFXPHQWVKDVSURSRVHGVRPHH[SHULHQWLDOIRUPXODWRFDOXDWHQRGHVRIKLGGHQOD\HUVVXFKDV.ROPRJRURY
WKHRU\$FWXDOO\7KHUDQJHRIPDQ\H[SHULHQWLDOIRUPXODLVWRRODUJHHVSHFLDOO\ZKHQWKHQXPEHURILQSXW
QRGHVLVODUJHDQGQRHGVRIKLGGHQOD\HULVUHODWHGWRDSSURDFKLQJIXQFWLRQIXQFWLRQLWVHOI,QWKLVSDSHUZH
FRPELQH 7UDLODQG HUURU DQG HPSLULFDO IRUPXOD PHWKRG WR GHWHUPLQH QRHGV RI KLGGHQ OD\HUILUVW XVH
HPSLULFDOIRUPXOD Q Q P D= + + P LVWKHQXPEHURIQRGHVRIRXWSXW Q LVWKHQXPEHURIQRGHVRILQSXW
D LVDFRQVWDQWGLVWULEXWHGLQ [ ] FLOLDWHWKHSUREDEOHUDQJHWKHQXVHOHVVQRGHVRIKLGGHQOD\HU,ILWLV
QRW VXFFHVVIXO DIWHU D FHUWDLQ WLPHVRI OHDUQLQJRU WKHHUURU LV QRW DWWDLQLQJ  WKHGHPDQGZH LQFUHDVH WKH
QRGHV RI KLGGHQ OD\HU XQWLO WKH QHWZRUN VWUXFWXUH WUDLQLQJ VXFFHVV RU WKH HUURU LV UHDVRQDEOHILQDOO\WKH
QRGHVRIKLGGHQOD\HULV
7KHFKRLFHRIRXWSXWRI1HWZRUNPRGHO
0RUH RXWSXWVPRGHO UHIHUV WKDW WKH QXPEHU RI RXWSXW LV HTXDO WR WKH KRXU SRLQW RI )RUHFDVWLQJ GD\
QRUPDOO\0DQ\GRFXPHQWVVKRZHGWKDWWKLVPRGHOLQWKHVWXG\LVZLGHO\XVHG7KRXJKWKLVPRGHOFDQ
DWWDLQWKHGDWDDGD\RIKRXUVDWLPHLWVWLOOH[LVWHGVRPHZHDNQHVVHV7KHWRRPRUHQRGHVRILQSXWDQG
RXWSXWOHDGVWRWKHVL]HRIWKHQHWZRUNLVWRRELJZKLFKUHVXOWHGLQWKHLQFUHDVLQJRIWKHQHWZRUNZHLJKWV
DQGWKHORQJHUWUDLQLQJWLPH6RWKLVSDSHUWKHPRGHOLVGLYLGHGLQWRJURXSVHYHU\KRXUVLVDJURXSWR
WUDLQDQGSUHGLFW$QGWKHQXPEHURIRXWSXWRIQHXUDOQHWZRUNLV
8VLQJWKH7HPSODWH
&DOLIRUQLDLVORFDWHGLQWKHZHVWFRDVWRIWKH8QLWHG6WDWHVDQGQH[WWRWKHZHVW3DFLILFZKLFKOHDGWR
WHPSHUDWXUHLQ&DOLIRUQLDFKDQJHVJUHDWO\ZHFDQFRQVLGHUWKHWHPSHUDWXUHYDULDEOHV7KHUHIRUHWKHSDSHU
WDNHV WKH KLVWRU\ ORDG RI SRZHU JULG LQ $PHULFDQ &DOLIRUQLD DV D H[DPSOH WR WHVW WKH UHOLDELOLW\ RI WKH
DOJRULWKP:HFKRRVHIRXU%3QHXUDOQHWZRUNZLWKWKUHHOD\HUVWRUHVSHFWLYHO\FRPSOHWHWKHQRQOLQHDUORDG
PDSGXULQJWLPHSRLQWV7KHQXPEHURILQSXWKLGGHQDQGRXWSXWOD\HURIHYHU\%SQHXUDOQHWZRUNLV
UHVSHFWLYHO\7KHQWKHGLPHQVLRQVRIWKH3DUWLFOHVDUH    × + × = :HVHWWKHVHOIDGDSWLQJ
LQHUWLDOLQHDUGHFUHDVHZLWKLWHUDWLRQVIURPWR   F F= = ˈ P = ˈ PD[ 7 = ˈ PD[ Y = 

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
)LJXUH )LJXUH7KHIRUHFDVWLQJUHVXOWVEDVHGRQWKH%3QHXUDOQHWZRUNPRGHO

)LJXUH )LJXUH7KHIRUHFDVWLQJUHVXOWVEDVHGRQ362RSWLPL]DWH%3QHXUDOQHWZRUN
7KH IRUHFDVWLQJ UHVXOWV EDVHG RQ WUDGLWLRQDO %S QHXUDO QHWZRUN DQG 362 DUH UHVSHFWLYHO\ VKRZQ LQ
ILJXUHDQGILJXUH,QWKHWZRILJXUHV7KHUHGOLQHUHSUHVHQWWKHDFWXDOORDGGXULQJWKH)RUHFDVWLQJGD\V
7KH EOXH OLQH UHSUHVHQW QHWZRUN IRUHFDVWLQJ ORDG /RDG IRUHFDVWLQJ EDVHG RQ WUDGLWLRQDO %3 QHWZRUN DV
VKRZQ LQ ILJXUH  LV FRQVXPLQJ  VHFRQGV WKHPD[LPXP HUURU LV 7KHPLQLPXP HUURU LV
7KHDYHUDJHHUURULV2QO\XVLQJ%3QHXUDOQHWZRUNWRIRUHFDVWORDGLVOHVVDFFXUDWHDQGWKH
WUDLQLQJWLPHLVORQJ+RZHYHUWKHIRUHFDVWLQJUHVXOWVEDVHGRQ362LVVKRZQLQILJXUHLWVWUDLQLQJWLPH
LVVHFRQGVWKHPD[LPXPHUURULV7KHPLQLPXPHUURULV7KHDYHUDJHHUURULV
FRPSDUHGWKHWZRUHVXOWVZHFDQVHHWKDWSDUWLFOHVZDUPRSWLPL]DWLRQQHXUDOQHWZRUNQRWRQO\LPSURYHWKH
IRUHFDVW DFFXUDF\ EXW DOVR LPSURYH QHWZRUN OHDUQLQJ VSHHG WKH IRUHFDVWLQJ SHUIRUPDQFH LV REYLRXVO\
SUHIHUDEOHWRDQHWZRUN
$IWHUWKHFRPSDULVRQRIWZRH[SHULPHQWDOGDWDZHIRXQGWKDWWKHQHXUDOQHWZRUNEDVHGRQ362LVPRUH
DFFXUDWHLQIRUHFDVWLQJDQGPHDQZKLOHLWFDQVDWLVI\WKHQHHGRIWKHORDGIRUHFDVWLQJ%3QHXUDOQHWZRUN
PRGHOEDVHGRQSDUWLFOHVZDUPRSWLPL]DWLRQKDVVWURQJHUUREXVWQHVV
&RQFOXVLRQ
7KHSDSHU KDVPDGHH[WHQVLYH UHVHDUFK WRSRZHU V\VWHP VKRUWWHUP IRUHFDVW XVLQJ IHHGLQJ WKHQHUYH
QHWZRUN:HEURXJKWWKHSDUWLFOHVZDUPDOJRULWKPWRRSWLPL]H1HWZRUNLQLWLDOYDOXHDQGHVWDEOLVKHGWKH
ORDGIRUHFDVWLQJPRGHOFRQVLGHULQJWKHYDULRXVDIIHFWLQJIDFWRUVDQGQRUPDOL]HGWKHLQSXWORDG,QRUGHUWR
DYRLGWKHVDWXUDWHGQHXURQVZHTXDQWLILHGGDWHDWPRVSKHUHDQGRWKHUIDFWRUV)LQDOO\IURPWKHVLPXODWLRQ
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DQDO\VLVZHFDQVHHWKDWWKHQHXUDOQHWZRUNPRGHOEDVHGRQWKHSDUWLFOHVZDUPRSWLPL]DWLRQDOJRULWKPLV
PRUH DFFXUDWH DQG OHDUQV IDVWHU PHDQZKLOH LW KDV EHWWHU UREXVWQHVV DQG LV KHOSIXO WR WKH RQOLQH ORDG
IRUHFDVW,QDZRUGLWKDVDJRRGDSSOLFDWLRQSURVSHFW
$FNQRZOHGJPHQW
7KLVZRUNZDVVXSSRUWHGE\WKHHGXFDWLRQGHSDUWPHQWRI-LOLQSURYLQFHXQGHU*UDQW1RDQG
1R
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